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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a charge-pump 
circuit having high efficiency and a large output current. 
SOLUTION: Two front-stag MOS transistor M1, M2 for 
charge transmission are configured in a N-channel 
pattern, and two rear-stage MOS transistor M3, M4 for 
charge transmission in a P-channel pattern. Also, there 
are mounted inverting level-shift circuits SI, S2 enabling 
the output of an intermediate potential and non-inverting 
level-shift circuits S3, S4. By way of these 
configurations, the charge-pump circuit having high 
efficiency and a large output current is materialized as 
well as an inter-gate/source voltage Vgs (transistors in 
ON-state) of the transistors M1 to M4 for charge 
transmission is evened to 2Vdd. 
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(D«^fE&fflMOSH7>vx*M3. M4^p^^;bM-e«fiE-r^o ^fc. <pF«i)«(ia>ai*i£nr 
^LfcS^U^Uv^hlHlS&SI £S2. 2E£lEU^;Uv?h@j&S3£S4£IS:l1-fco Zti^om 

M1-M40y- h-V— XP B 1«EEVgs(h^>vX^A<^->tfe^CDB#)^2VddlCjm^ZtA<T*^ 
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x£&*^5*P';/^K^>fA-££{i*.m£©^ 

[If #314] Ift^^3lz|Bt£<7)^-v— V7K>:?[5]S§ICfct>T. ^F B 1IS0)m^$E^fflMOSh7>V 

□•^/^ux^MlBSfeu^;uv7^iHiK^^siEU^;uv7hi3Kic^$n^p^^;u^ 

Htc(n + 2){l<DmmE^fflMOSh^>vX^<t.MlB*^$E^fflMOSh7>vX^(D^m^^ 

x^^t-^^p^K^>r^-^{i^.^(7)mM$E^fflMosh7>vx^^^m<z)^i±«j± 

^ai^-r^-V— V7K>^[H]|^lCfct^T.^®2®CDmmE^flfflMOSh : 7>vX^N5 L ■V^;^ 
T?1«i^L^^(Dn^(Dm^lEillfflMOSh^>vX^^P^A'^^UMT'«^^t^lC.fIIfim^r 
$Ei£fflMOSh^>vX$tf:n^£B#l^-h-V-X^^^ 

[If#JS7] |f*]S6lcIBa<D^-^'-v7K>^IUS&lcfct^r. fllfilHlS&^SIi.MIB^P^^^ 

Xlcj&CTffrfBP^^US^m^lEKlfflMOS^ 

7h0i&£, l!iJIfi^P^/^UX|Cj£i:T^ 

* ?£ftJ^£3EJ£iEl^;Uv7h[ElS&£. HJlSBJ5^U^;Uv7h[sll^<D<Sm{i<|iJ<Dm 
m *Jg8] If #JS7lcfBm©^-v^>?[5]S&l::fc^T> frlBS^U^^v^h(s]K(7)fim<4 

m^fc-^A<^a^f=^P>^>^i^lS^P>^>^(D^lcSSlci£4aO^P^ 

Ot^VT^&lfcthVUvO*^ HUlB^P^/^UXlCJSCr, m^lEKlfflMOSh7>V 

;Uv7h[HlSS^fii^€)C«!:^^<!:-r^^-v-v^>^lllS&o 
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[0001] 
[0002] 

l±. -5-<DR*^ffiy^t;frA>ICCCD (Charge Coupled Devices) £{£fflLTl^„ CCD£lEI!)-t<5> 
tcft(DCCDHi!)I5lSS(i % ?^x. -7^X<7>^«I±(+^V)-eS.o^:m3iE(lllmA)a)«;TiIllS&^ 

[oooalxi^^L/^iU— *i«141t6* EP*»lii^^$(tli*t^/A*t*)i:t, m 
[0004]-^^-V-v/K>^l£lS&li. /JV-fXT?tt«E^^fiK-C#-636^ ^3^j:ym^^i^^s 

i^i^*jft*«*y, «*«i«*«5fea>tt«tr*««*«(D«asi5iKi:L-c, cti^ffiffl-r 

[0005]ftW§t»*Mfc^-v7K>?[5]S§^ 

jMffl&fU^&o CCDIUS&I*. #J^.l£}£ffi3t$fcrjohn F.Dickson "On-chip High-Voltage Generation 
in MNOS Integrated Circuits Using an Improved Voltage Multiplier Technique" IEEE JOURNAL 
OF SOLID-STATE CIRCUITS.VOL.SC-1 1.N0.3 pp.374-378 JUNE 1976jl::t£L<tEt££;h/Cl^ 

[0°006][U_1 li4|S(D J f-f^V>-f 1 A'— istf>Zf\E\&$:7*-?®lfti®&mV&Z>o Ml llcfcivc 
5'D<D?'(j—t : rfW.mmmt<tlX^Z>o Cltife^m. CLIititi^S. CLK<!:CLKBl;):5lMCi£ 

[0007]^^t»tSlcfc^T. m^llc^mSfEIout^SStL^ii^. ^-vtK>^Ih]K^<DA^I«;Ti 
li. A^SEVin^^^m^^a^K^/N'-^^^^n^m^^-So z*it>(Dm3Sli. 1? 

^M^CD^tttt/Tt^^-r^^ro^lC/jr^oO^ /N-T (High). <D2=DO(Low)(7>^Fb^. 
H*<7)H^En<D^lS]IC2Iout(D2F^m3StA<3!EtL'i)o <D1=dO (Low) „ <D2= /vf (High)© 
filffls 0<D^^^EP(D^|6]lC2IoutCD¥J5)«;W0tEn^o <7U^V^<7J^X<DZ^Xh><DW-^m 
35Eli±TIout^^>o SS^^lcfclt^)^— v/tO^lHllES^^JEttJiVoutliKJLTO^dlcatP 

[0008] 

Vout= Vin- Vd+ n(V/-Vi-Vd) 

[0009]CCT% V v 'l**»l«y— KlZfclvC, <?ny?j*)l,7.<D&it[zm^'&Wm.\Z&'oT±C 
%nKm$£Vlb&o V,litli^ tt3SloutlZ«feor^Ei:^>«I±I^T. VinliA2l«IET*fcy. iis^ 

(Fo rward bias diodevoltage)nli7K>fc°>yiS:£!t-efc6„ MIC, V, iV^'li^"*?***.^ 

[0010] 
[&2] 

_i2Hi_- = 2WTV2 
Vl f(C+C«) C+Ce 

[001 1] 
[§&3] 

v , = w C 
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[001 2]£CT? % Cli^n'Vi7$S-a#fi(clock coupling capacitance), C s li&|g$cy— KlC£$lf£> 
^^#M(stray capacitance at each node), V^li^Py^/^UXOSjMiI (clock pulse amplitude), f 
li^n^^UXCDMgSu m^Py<?J§#i(clock period)-efc<i>o V/K>^[HlSS<7>m*5a 

[0013] 
[&4] 

_ Voutlout _ Vo"t 

(n+ DVddlout (n+ l)Vdd 

[001 4]C<D<*:-5IC. V7K>:?lHlS&lCfclvm. *V K^m^fE&Jft^Hcharge transfer 

device) < ^LTffll^T«^^|g^«^^>t^l^Hl'r-5)-<!:IC t fey^I±^^ToTl^^o LfrU MOS 
Jfc«@i&^<Dmm£#*£<!::7P^*^<£®£tf^^ 

x$£^$c<>:#$i^£;txfco zcDii'&iiiecDicfctNr. vdi*Mosh^>v^(Dlll^mi± 

(threshold voltage)Vt£&<i>o 

[ooi5]£r, safiittl±vt^a)mEPX(voitage ioss)£*s<u Kte^-v— $/*K>^l§ltt*JI« 
^lcli.Iout0(ilc^LTtt^$mfflMOSh7>v^<7)-r>t o — ^>X£Tlf*3l£fct>& 

h-v— xp B imi±vgs£m;Timi±vddiax±ic±if3z^ 

7$>Z?lElWtMx.\-£s fit^^t^rjieh-Tsorng Wu "MOS Charge Pumps for Low-Voltage 
Operation" IEEE JOURNAL OF SOLID-STATE CIRCUITS.VOL.33.N0.4 APRIL 1998jlC|$$ffl|Zlfi 

[0016] 

m? a m*. mdi ~MD^t%-y^>zfy-^mmWi^m<D^^—^x^)7^>^><fmmzit 

m^-LU^o C(DlHlSSa)^li«?Sr$Ej||fflMOSh^>v^^MS1 ~MS3<D>r— h-V— KfflW. 
J±Vgs<»:LT^I±Ltc^|gCD7K>t 0 >^V— K<Dmi±£MLT, 2Vdd£-^;LTl^<i>j&T?fc&„ Lfr 
U S^|g(Dm^fe52lfflMOSh^>vX^lv1S4|COl%ri*Vgs<!:LT2Vdd^4-^-l)(7)*<ffillT- 

fey. mEPx^^c-sco^igit^tL^L^o 

[0017]±IS^mi^^tE$titcffil(D5 1 ^— v7K>^ll]l^lill_13IC^-r^-f^-5^^5C(D5 1 -V— 

V/K^^lElK-efe^o ZCDESSli, MOSh^>V*$MD4<7>VgsA<Vdd+(Vdd-Vth), MlCMO 

Sh7>vX^MD0(DVgs)b<(Vdd-Vth)<tteTt"^<D^l5]^^^tctolC^— hXh^^(boot- 

strap^^CDgJWIE^Py^fl^SS (High-voltage clock generator) £ffll^Tl^<5>o ^TO)® 

^$E^fflMOSh^>V^^MS1~MS4l*N^-V^;UM-e<iJi&^tL"rL>^)o 

[001 8]C(D^^I*m5?E^^^/J^t^#l^(*. ttffi$E2lfflMOSh7>i;*$-tr'f X#'h£<, 

BP*>^— r-^±#»^/J^^L^(DT^mfi*|■Cfc'i)oLA^L^ffi3^Et±i^a)^-^'— v*°>:?[e]8&£3I3I 

mMosh7>v^^cD^-h^^#*^(^pF)<!:^y^-hxh^^^ic < fcy2Vdd(D^p 
gs<tLT,tt;:imi±vddm±<&»i±£^flDT£^&£sy^ 

[0019]^BJ(i±SB^^|$W<DF^S^^^^PiilC^T^H^(7)rfcy.*#fe 
^fflMOSh^>vX^<DliM«l±VtlZ^St*^mi±PX^«<LTB^^O^ai*m/ : ^<D5 1 

x$a>y-hv— XF B ^mmvgs0^ffi^2Vdd^t-^ctlCcfcyy-h^^bl^iiitl±$fit«-r^i: 

[0020] 

[0021 ]mi <d^-v— ®&omffi&&Mosh^z>*$izmm<DAJinE.tf 
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«t^ic > m^FiE^ifflMosh : 5>vx^A<^->'r^B#ic>r-h-v— ^mm^-^mtu^^ou 
y-hmBE^EnJD-ri>iEis8¥is^isitf=t<D^fe^„ 

[oo22]^A^#igic e fctLi*. m^r$EiHfflMosh7>vx^a)iafiimi±vtice@-r-i)mi±px 

ttlEilfflMOSh7>V^^(Dy- hV— ^F B imi±VgsCD$fe>E*fii^-^fiI(^J^.Ii . 2Vdd) t-T 

v?h@!&£>^P';/^/^u;*ia&i:TP^^ 

[0025]m3<D5 L A'— vm°>^lEJSSfi. m2(D5 1 A'— V7K>^[HlSSlCfelNT. JSicL^bv^hlH] 
&<7>itmMi](&*;!I£LT1|£&<D&^ 

[0026]^^^S(Cj:*l.{i. ^T^mmE^fflMOSh^^v^OXf— hV-*P.imi±Vgs£ 
2Vdd<!:-r&C<!:#T*££o 

[0027]m4CD^— VTK>^[Ul^li. B3(D^A'-v^>> f lElSSlCfc^T. ^F^KCDm^feiil 
[0028]frfr$^J£l:: < Mxl£.;iittI±£&^<!:^£^ 

mwiHitta>i9!tf±a«i^bA<ia*L*o 

[0029]m5(Z>^-v7K>:7[I]i&l;m3(&^^^^ 
£ft5?P*;/^;U*tJ5$EU^Uv:7h0^ 

[0030]^^-&^SlCj:tll*.^a«^l<DPX^|»iJiT^o 
[0031] 

[^B^cDHS(5(DJfm]isATs ^fZWomMM-Blz-Dl^x* lll~ll9£#MLfc*<biaSB-r<&o ® 

n±. ^b^<d^i <Dmmmmizm^3^^-i>^y^^7r:-rwL^^mx^o 

[0032]g1 l-fct^'C, 40(7)m^lE3!lfflMOSh7>V^^M1 ~M4l*l£*iJ|£^£;rXTl^i>o flJ 
|£(7)M1 . M2I*N^*;USL ^K0>M3. M4J*P^**JH!T?fc'&jaiJ&<1 O©^tfel>o M 

1 ~M4£>y— h-S^ttEVgbliy— K- V— xr B imi±Vgsi:H-fiI^'5cfc5lc. v-*£g 

wit>m i m&.£U&& : ?izmffi£4xxi^o &tz. mkdv— xiziiA^wsvin^LTW^wavd 

[0033]C1 „ C2. C3(im^$EitfflMOSh^>V^M1 ~M4©}$lii (7K>tf>?V— K) lZ 

K^CHi:i$ffia)^P^/^UXCLKB7!)<^SIcEP»P^tl-So ^P^/^;U^.CLK. CLKBli^S 
^CD^P^^K^^/^— A^ai^$tV^o-O^P^K^/<— l3li«3iml±VddA<«i^^TL^ 

[0034]m^lEi!lfflMOSh^>V^^M1 ^M2(D#>f— hlCliSlE^^Uv^hlHlKSI £S20> 

>\, is? \-m s&s3 ^S4(D & *} fim&ztix t ^ . 

[0035]J5^U^<;Uv7hlHJl^S1 . S20>Isll^1SJ*Xl/ii!l^iK^gl^a2l^^"roM2(a)lC^ 
1 2, ^P;M§3i£ft7cMOSh7>vX$M1 3,!:M1 4££ii!t*.£o ZLZ.tiX(Dmf$.te'&5&<ms*)i> 
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[0036]C(D£$EV^;Uv?h[H]S&li.C;h,£lCflO*^ 

15, mi 6£fit*."Cl^-S> 0 fit, MOSh7>^x^Mi5<7>^— hlcli®JEvi2^Enira$ti^<!:^ 
ICV— 7JClim<iA#EP})D£*lTl^o 

[0037]£fc, MOSK5>v^^M1 60)^— hlCliVI 2<b£*e<Dmi±V1 1 EP*)0£;h,&«!:*l~V 
— XlClimteB^EPiQ^tlTl^o CZT% m<£A>tt<4B-efc&o Ml 1 , M12I*N^-V*JUSL 
M1 3~M1 6itP^^J^MX^>i> 0 

[0038]£*:. H2(b)IZ^-TJ;5le. ±^!i^D^J^£(D^^<;^V^M5]l^l3^3L^r. MOSh^>vX^ 
M1 5. M1 6&<<>/<—$ffimt-?&&?lzmW.LTi>&^o 

[0039]±^Lfc«fi£0)J5$KU^<;Uv7hIsl8S<7)i!j^;jKff^a2 (c) ICtM - „ t!£3fea>U^Ui/7h 

*#fei^fflMOSh^>vX^M1. M2©y— h-KU^>F B 1ttl±(D^fil^-^mi±(2Vdd)IC 
Jill £ <- 1 A< rT fig I o 

[0040]&lc. |^J5IeU^;Uv7KIh1SSS3. S4(DlElSS*lfiJcSi;ib^;fi^El$M3lc^-r o J£Ie 
U^Uv^hES&SI „ S2£mfc<&j£li. WiiA|C^;UT^^7iMOSh7>vX^M1 5(D¥— 
hlC«J±V1 1 7b<EPJjn£*U m&BlC^U7^$HrcMOSh^>vX^M1 G<Df— KlcmiEVI 2 
^En*D$tlTl^^^fe-S>( H3 (a)) 0 ^fc. S3 (b)|CjF-T<fc5IC. MOSh^V^^MI 5. M1 

l004-\m3{c)<DW}ftmmiZ7jk?&olZ. ZL^IEJSfEU^Uv^hlHlS&SS. S4l*A^mJ±I 

J;?l^ miW$E^fflMOSh^>vX^M3, M40>y-h- hV^>F B ^!±0>&ttfii£-3£mi±(2V 

dd) izffi*_z>zttf-5im\zuz> 0 

[0042]JS^U / <;Uv^HIe]SSS1 . S2. |^J5$EU^<;U^h[sl!^S3. S4t^— i/7\OZ?lEl&£ 
<D^TOl*]^T0)®yt?fc^> o J5$EU^Uv37hIUS&S1 ClIi^P^/^UXCLK' „ JRtelxK 
;Uv'7hlHlSSS2|Cl*^7P^/^;U^CLKB' #A2j£*l<So ^P^^/^UXCLK' tCLKB' 1*^* 
^Py^/^UXCLK,tCLKBjb^fEJ&£;K<5>*<. tt^$E&fflMOSh7>vX*M1 ~M4lcm3iEtf 
i£3^£(7)£|»lt^&t;:#)lz s P^(Low)<D^A<&<&oTl><g>o tm^f^fflMOS 
h^>vX^M1~M47b^±IC^LT^b^P'>^^>»U^CLK<hCLKB(D^^blC<fcy^-7K>t 0 > 
^V-K<D^^±^fT5cfcalwLTL^^„±S^^P^<7/<;^X(Dii^S^^lilI4IZ^^rl^'§>o 
[0043]*tc, Hllc^^nTl>-&cfe-5lc. J5fe^;uv^hHISSsi (D^mMijcDm31(ttfeA)«»: 
LTIi. #J3E$tL7i1lg^a>7K>t 0 >^y-K(7>«l±V2^§ML-Cffll^o ^ttlcJEfnU^Uv? 
h@i&S2<Dil;mMiJ<&tt;TS(m<£A)£LT^ 

iiLTffll^o *7c. J5$EU^<;ui>7hlHlSSS1 „ S2(EH&«tefiij(Dm;l(miiB) £LTIi. 
ffiJ±-Cfe-S)Vdd. V1 ftitinZtixi^&o 

[0044]-^. tm&is^)i'is7m&s3<Di&mitLm<Dmmn®.B)£Lxiz. i&m<D#>e 

k<d*kvi rfmi^ti. is]«i3^j5^U'<^v7hiH]S&s4a)<6*Mija)«3g(m(iB) 
(0WiMitm(DmmmiLA) tLxit. #f&<DWi±T*fc£v3. vouttf^EnAn^ft-ci^o 

[0045]±&Lfc*lll«Sl::£6^^^ 

^1 (C. M^OOm^fEiUfflMOSh^vX^MI % M2l*N^*JUMT*liJ?)t£*U &K20 
0>«ffiiE^fflMOSH5>vX$M3. M4l*P^*;U3>T*«Jdc$ftTl>&j&T*fc<So »2(c4i|W 
m^CDa3^^^|CLfcJ5iEU^;Uv7h0»S1^S2,^J5$EU^^V^hEKS3^S4^i5lt 

[0046]ZtLb(D<ifi£lC^y . m^$EiiiJBH7>vX$M1 ~M4(D>r— h- V— *Fa1SIEVgs(H7 

>vxw*>ftm0ft)izuT<Dt& i )2Vddizffittz£t)mfrftZo £f . ^je<Dig^*^ 

Vgs(M1 ) =V2(High)-VddVgs(M2) =V3(High)-V1 (High)Vgs(M3) =V1 (Low)-V3(Low) 
Vgs(M4) =V2(Low)-Vout;^|C, JEtttttKD^*— i?/K>^(D^BElftf^A>t>. ££l:ifelT<Z>gS 

V1(High)=2Vdd. V1(Low)=VddV2(High)=3Vdd, V2(Low)=2VddV3(High)=4Vdd. V3 
(Low)=3Vdd, Vout=4Vddwttt><D||^it^t>. £T(&tt#iEi£fflMOSH7>v;*$0):f> 
B#<DVgsO)|fe>f*f£liai Iw^-T cfc5l-f^— M2\Zddtta^Zt^m^tl^>o Ltztit-oX* ^l>Vgs 
!Cj;ym^lEillfflMOS^>vX^M1 ~M4(D*>&ffi#T*<i.A ftJ&*-e*aj*«3([a>^«V 
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(thickness of gate oxide)!*— #|C2VddlCl*^^,Ji:^.|Zigi+-rtLliaL^<7)-C\ W^feiUfflMOS 
\*^VX$<DVsstf*t$)—T:&Z>Wi'£lZkt'<X. ^->*£ta(ON-state resistance) £<6<|£ifC*# 

[0047] 



MOSFET 


Ml 


M2 


M3 


M4 


v„ 


2V<jd 


2Vdd 


-2Vdd 


-2Vdd 



[0048]M4li^-v*°>:?@i&<©I^£^ 

sh^>v^^Mi ~M4(i^p«v^/N°>uxizj^i:T^sic^->-^^ys-ro --t?. j£$eu^ 

;i/V^hlH]SSS1 <»:S2. ^J5$nU^<;Uv7KlH]SSS3<tS4|cEPJn$tL-5>^P^/^;^CLK' „ CLK 
B' Ufa- r-f #^£60 -T^^)*>. EIC^-T J:3lCP^(Low)CD^P B l7!»^<iS^^rL^„ Z(D 

[0049]m^$E^fflMOSh^>vX^M1~M4li^V^— KffM^TL^tN(D-e^l6]W3K 
iHfflMOSh^>vX^M1 -M4(D^-><D^rBlli5S<LT. ^©JWIBIIZ, J&g^n^T^+rCI ~C 

[0050]*^. d 5 t°>?V— Ka>*IEafcJBVi . V2. V3£iF-f g|-efc& 0 v^li^ 

Py^/^U^CLK' % CLKB' 0>M.^ AVds(£MOSK5>vX£<DV— ^Kb^TXIQVS'Cfe^. 
[0051]&fc\ ^ICfcl>T.2|ga(Dm^fEaSlMOSh^>^X^M2^t)2Vdd^»iyai"rttl* 

^Mmia>f^Cm4>f.llJSJtLrL^. CKDHKlcMltf* 2VddO>3c3EL7 % =lttg!E«JIA<# 

[0052]i2l±; *3IM©5I«5»I8I=J:*3S^— i??K>^lHlKlZOt^BiMLt=3&^ *<D«tt 
l*3®lz|fiS$tL*Ctl*ftl^o ^§E&fflMOS^>vX$<!:LT&l9:2fS:£P^* 

;um* 8y<D«frlB£N^*;ui2^«irr&^^^ 

[0053]£fc % ±&<D3«^*— V*°>^Is]I^lCfclNTIim^lE3ilfflMOSh7>vX^(DVgs<D 
<6*rtt*2Vddl=«i?L-6Zi:A<lf**w^*Lfc35^ ^^A—v7K>^[s]SSlcfcL>Tlim^$E 
^fflMOSh^>vX^(DVgs(Dlfe^fil<!:LT,3VddJcl±lcigS-r*Ci:tpI^"e&*c 
[0054]*fl!>fctf>lCl*, JR|£U/<;U->7HHl»S1 „ S2(Dfc*(£ffl©«ai£L-C«):y«H:fl!>l*» 

K<D»E£?iJfflU ^S^U^;Uv7hlHl!^S3. S4<Dm(&ft<D*S£L-C<J:y&&G>gMft 
7— K0>«JE£fl]ffl-f *U£&1^ 0 fc*£U f— hB<bflgift£E(breakdown voltage of gate oxide)£# 

mrt 4% li*fe*f fit 2 Vddtfgt ft LTL „ 

A'-v7K>^ , iHiK^^"rmiB§iH]ssgit?fe'So z<D2®^-v-v7H>^iHii»ii. -2Vdd0>#i±m 
ffi$ai*"r*4>©-efcy . 0"j*.i£-6. 5v<D#i±£fr5a>iciiL.-cL^o 

[0056]^6lZfcL^. ^P^/^UXCLK' , CLKB' <tU^JUv:7h[HlB<Dii&^^fr-fc»r£^ML 
W£ 0 SfilE&fflMOSh^vX^MI \M2\ M3' *<fi$>J»t££*U *0)&WiS 

-Klc{g^=i>-r>-9-Cl ' % C2' A<m «te*rci*<& 0 M1 ' l*P* **;uS»-ev— xic&tiMH&CO 

V)*<6PfiD£;KTl^o M2' . M3' liN^-V*JUgJ-efc& 0 

[0057]*fc, Ml ' ©y— HctefiiEU^Uv^hlHlg&SI ' 0>ai7J;!><EnflD$*U M2' % M3' <T>*f 
— hlcl**JEI5U'<;U*>7HsIBS2' „ S3' <DiU*tfEP»D£;h.-a^<5o -f-LT. ttffifEiStfflMOS 
K7>v^M3' <7>KU-T>^t)V-r±X^l±«JE-VoutA^ai*^4x. «3SftflfLlcfl«S**l*o 
[0058]CZ-e. ®^$E^fflMOSH?>vX$M2' (D^— K- V— XPa1||I±Vgs(;i->B#)£2Vdd 
tr$fc:tf>lc % ^J5lteL/^;U^7h|51S&S2' <DiSiI<&<ai0>»3I£Vdd£Uco cttic^y . ±rco 
MfftaifflMOSh^l/i/^MI ' . M2' „ M3' <J>f— h- V— X|H)*ffiVgs(:*->B#)<B|6*tfit£ 
2Vdd<t-r^C«5:^-e#-5> 0 
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tlE&tfl&rtthXl^o CC7)|51S8li^J5lEb^;Uv7h[sliSS2' iz^xvm^tzMOSh^ 
>vX$Mm' i3>f>fCm' ti^m&ZtlXl^o Z^Sl^lC^li % -Vdd(Dg?3iLt=it3l[ 

[0060]gl7 l±±l5^^<D^A'-V7K>^@l^<Dlftf^^BJt-^fri6<D^'r5>^ElT*fc'i>o » 
ffi$Ei£fflMOSH7>vX$M1\ M2' „ M3'<7)y— hlcEn»n^-&mi±Vgs(M1)~Vgs(M3) 
lC«fcy. Ml \ M2\ M3' li^SIC^->^^yil^o CZT% <7P^/^UXCLK' , CLKB' 
|*PO(Low)(D^F B 1^<-r-g>Z<blcJ:y. ffi^CDiM^lftltLTl^o H8lC=&7K>t°>^ 

[0061 ]^lZ^BJ(D|g3(D||]!ife^Sl^^^-V^ 0 >^[DlS&^|JiBJ-r^o M9l*-7>r^# 

^$EiHfflMOSh7>^^M1 ' „ M2' l*P^**;USL ^IS2|gCDm^lEillfflMOSh7>vX^ 
M3' , M4' ltN^^J^mxmf$.LXl^o 

[0062]SlEb^<;Uv^h[H]S&S1 ' (7)<6«{i<|ij(Dm3l(m^B)^Lrii,#J±$4xfci mkotfs 
>t°>^V-K<Dmi±V2' ^MLTffil>-i)o |B]^IZJ5iEU^;Uv7KIlll^S2' angm<£i»ja>®;TS 
(«(4B) li^JE^ftfcl f£&0)7K>fc:>?V-Ktf>ttI±V3' £MLTffll^-5o SIk^;Uv 
^HlHll^SI ' „ S2' cDl^SMiJ<Dm;1(«{4A) <tLTli. ^-IS:(DmE"efe^)Vss. VI ' tf$z*W 

[0063]-^. ^J5$eU^;Uv^KIe1U&S3' (DitmteflO<Dm;Tg(«ttA)<tLTI*. IfSflKDTK^ 

SSS3' . S4' 0)^mM'J(7>mJl(m<iB)<i:LTIi, 3-f£<Dmi±T'fc<i>V3' „ -VoutA^^EpaD 

[0064]&fc\ S$eU^;Uv7KIe18SS1 ' <tS2' <Dmj£l*M2IC^Tfc(D£^--efcy . IEJEIeL/ 
^;Uv?h[H]S§S3' tS4' (DttJdU*IS3lz^t(D£l^-T<fc-So ffcs d©^*— v?K>:?@8& 
<D»tmiKlcl&BJLfc^*^J±<D^-v^^ 

[0065]±iS(7)«|^lC<feHl*> ^T0>m^^fflMOSh^>vX^M1 ' ~M4' (DVgs(£>*fe>Ft 
fitlilH-fit2Vdd«i:^o LtctfoT. mWgslCcfcym^$EiHfflMOSH5>vX$M1 ' ~M4' 

&tz. m^i^fflMosh^v^^Mi ' ~M4' <Df—hmtmm\t-mz2Vdd\zMz.z>m*i- 

\zm-\-?ti\£&iwx. m^lE^lfflMOSh^^vx^^vgs^tfej-^fc^^ichb^T. * 

[0066]UJl±. T^X^I±^tTa3|g^-v7K>^lHll^lCOlNT|5iB^Lyi:3bV -?-(Z>£S:&l;i:3f§: 

^)<j)'&&*uT*>*)\,mxm&?%^t\z&mn<D&&<»^ 

I±£^32f£^-V^>:7[E]i&£^t-MlB§@^ 
2©^*— V/K>^[HlSS«»:S^'S^li^<D2^Tffc'S)o 

1) tt^$EiMfflMOSh^>V^^M1, M2, M3#-f^TN^*;UMT*fc<§>„ 

2) «^^fflMOSh^>vX^(D^->mii(^->B#<D<r-hffil±)^LTVdd^cliGND$ffll> 
i>o -ffc*^. lEfiteL^US^NIlKSI , S2, S3CDitffiMiJ<D«;TSi:Lr. ^tb^fWdd. Vd 
d. GNDj^ffll^ftTl^o 

[0068]^-CDfctfK Z.(DT*— V7K>^[HlSSlCfclNT. tt^$Ei£MOSh7>v*$<D*>B#tf)Vg 
s<bLTIi. M1 |COU>ri*Vdd. M2Sl/M3lCOL>TI*2Vdd<!:^o CCD^-pl^, *§tlfc»^0> 
**-v7K>?lalg&T?l** m2<DHSS^^lc^^m2|g^-v-v7K>^lHllS«!:^«i:y. ±X(DWm 

2fl)H^^^ICttLT^it^ > P-tX(manufacturing process)£fgB&<fcT-#<S*i]£*<:*#l^ 
MlCli, m20)|IS£^^^r*h , J^U r !7X;U«3t(triple well structure) rf&mXfoZ><DlzmLX. 
*nmm\Z&tl\£* ^-f >^x;Hi£(twin well structure)T?£y<S<DT^ -?-0>#§8£Xifc£'> 
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[0070] 

[0071 ^ft2VddlU±<DiSL^— h-V— xreimJiVgslZ^ym^iilfflMOSK^^ 

^*$M1 ~M4a>*>«fitJb<T*<y* »»*T?*aj**3{Ea>^*— i>#>^lall&Jb<3tS-C£<&o 
[0072]£t>lC. ffi^$5itfflMOSh^>vX^<7)^-h- V— *W«E* y-hjlSM«E«- 

[0073]£t>C:£7r. *fgBj?|cj;;h,lS. :^XflI±<^>f:K^I±<D^v-v7t^:mi&£S<a^ 
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